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, INTERFERENCE OF WING AND ~SELA~X FROM TESTS OF

18 COUBINATIONS IN THX N.A.C.Aa VARIABLE-DENSITY TUNNEL
.

COMBINATIONS WITH SPLIT FLAPS
-—

By Albert Sherman
.

SUWSARY

AS part of the wing-fuselage interference investiga-
tion in progress in the IT.A.C~A. variable-density wind

--,r-

tunnel, the effects of various split-flap arrangements ap.-
‘ plied to wing-fuselage combinations were determined.
Split flaps were fo~d to exert their influence independ-
ently of the interfordncc, and their effects on the aero~
dynamic characteristics of rectangular-airfoil combina-
tions appcareti to be more or loss proportional to their.
exposed span lengths. The interference, moreover, showbd =
the same character with the split flaps as without thorn.

INTRODUCTION .— .

An extensive program of research is being conducted
in the I?-A*C.A. variable-density wind ttignel on the inter-.
ference batwcen wing and fuselage at large values of the
Reynolds Number (references 1, 2, and 3)- Reference 1
outlined tho wing-fuselage interference ~rogram and pre-
sented t’no initial and basic parts FEGieof, comprising
test results for 209 combinations that represented, to the
widest practical extent, the most important parameters o-f
combination, such as: wing position relativo to the fuse-
lage, uing shape, juncture shape, and fuselage shape. The
investigation was subsequently continued mainly with re-
gard to fusolago shape and comprised combinations with
round, rectangular, triangular, elliptical, and airfoi~-
type fuselages.

.,

Tho w~de emplo~rment of split flaps in design indicat-
ed that information ~~uld be desirable concerning the in-
terferences a~sociated with wing--fuselage combinations

—.



2 H.A. C.A. Technical Note l?o. 640

having split flaps. Medium-camber or thick wing sections
are lfnown to he less affected %y the intetiference of a fu-
selage than small-camber or moderately thick profiles
(e.~., the N.A.C.A. 0012). In reference 3, moreove~, it
appeared that tho effects of adding a s~lit flap to a
tapered wing having a thick sectfo.n at the root were lit-
tle influenced by the presence of a fuselage. In the
phase of the investigation reported herein, therefore,
various split-flap arrangements were ~daea to wing-fusr3-
lage combinations having rectangular N.A.C.A. 0012 air-
foils, nnd their offocts, mainly with regard to the maxi-
mum lift, wore determined.’ The descriptions in table V
of the combinations tested, indicate the scope of the ex-
porimontal investigation.

. .

liODELS A.ND TESTS

The ving mbdels emyloyed were rectan ula.r 5- by 30-
inch duralumin airfoils of N.A.C.A. 0022 ?seo reference 1),
and N.A.C*A= 23012 (reference 4) profiles. The N.A.C.A.
0012 airfoil is IIstandardlf R,s a critical airfoil for tho
‘.~ing-fuselage interference invosttigation. Tho N.A.C.A.
23012 ‘;ra~included to show the effect on the inierferonco
associated with the use of a more rocont profile. Thes e
wings woro combined only with the round fuselage (refer-
ence l.), which is cm airship form of polished dura.lumin,
20.156 inches in lengths having a fineness ratio of 5.86.
The various flap arrangements were made of brass plate
and had ~harpened trailing- e’dges. ,They were all 20 pqr-
cent of the wing chard in width and had the deflections,
s.pr.n lengths, nnd span posftions ifidicated in table V.
The fillets ]~ere formed of smoothly finished plaster of
Paris as indicated in the third column of table V. Photo-
graphs of representative combinations are shown in fig-
ures ,1 ,and 2.

~ho tests mere performed in the variable-density wind
tunnel (reference 5) at a test Reyriolds Number of approx-
imately 3,1OO,OOO (effective R = S,200,000). In nddition,
values of the maximum lift- coaffici,gmt were obtainqd at a
reduced speed corresponding to a te:st Reynolds Number of
npproximr.tely 1,400,000 (ef-fectivo R = 3,700,000). !l!he
testing ,procodure and test precision, which nro practical-
ly the same as for an airfoil alono, m-c ftilly described
in r.C*0nC13 1. Sinco tho tests of reference 1 were made,
n small ,zdil,itionalcorrection of- less thnn -1 pcrcont has

●
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I;.A.C.A. !Tochniczl Note No. 640 3

been applied to the measurement of the dynamic pressure q
to improve the precision of the results. —

RESULTS

The test data are given in the same manner as in ref-
erence 1, in which the nethods of analysi”s and of presen-
tation of the results are fully d.iscussod.

—,—

AS in the preceding reports of the interference Pro-
gram (rofcrences 1, 2, and. 3), tho test results are given
in tables supplemented by figures. !l!a_bleI contains the
characteristics of the wings alone ~nd table II, those of
the fuselage. Table III presents the sums o-f the fuselage
characteristics and the interferences at various angles of
attack for each of the combinations tested. The values
given represent the differences between the characteristics” ~-
Of each combination and those of the wing alone or of the
wing with a full-span split flap. !Thus, for convenience,

.-

the effects of reductions in the flap sga-n a% of changes
in the tlap shape are included. in the interference O-f the
fuselage. Obviously, the characteristics of the com%fna-
tions tilemselves can, if desired, he obtained by adding

.,

corresponding items i.n tables I and III. Table IV of the
program (see reference 1), which presents interference
aata for disconnected combinations, ts not continued hero-
in because no additional combinations of this character
wcro investigated.

.

Table T contains the combination diagrams and. &escrip-
tions in addition to the principal aerodynam-ic character-
istics of the combi~ations. The. values d/C and Jr/c
reyresent the longitudinal and vertical displacements! re-
spectively, of the wing quarter-chord axis measured (in
chord lengths) positive ahead of and abo+re the quarter-
lenGth pcint of the fuselage axis; iw is the angle of
wing setting.

Tlm last nine columns of the table present the fol--
lowing important characteristics as standard nondfnen-
sional coefficients based on the original wing areas of
150 square inches:

-.

---, lift-curve sIope (in de:ree measure) as deter-
mined in the ~o~.c~efficicnt rangO fOr an ef-
Foctivo aspect ratio of 6.86. This valu~ of

—.



4“

e,

CD 9

‘rein

CL
opt’

no ,

n
‘m. 9

cLib$

CL
max ?

N.A. C.A. Technical Note No. 640
●

the .aspec.tratio differs from the actual v.alu.e
for tho models becnusti the lift results are not L
otherwise corrected fQr tunnel-wall interfer-
ence . For most of ih< combinations with split
flaps,- values average& over the useful range of
lift coefficient are given.

Oswaldts airplane, or :sp~, efficiency factor.
(See reference l.-)

minimum eff~-ctive profile-drag coefficient

( c~~ )/cD - ~ ~in”* l?or mobt ofithe com-binations_..

with split flaps, average values of- the drag
taken over the useful range of lift coefficient
and accurate to within a~out- 5 percent are given
instead.

optimum lift coefficient, i.e., the lift–coeffi-
cient corresponding to ~ CD .

.

emi“n

aerodynamic-center posi”tion indicating approxi-
.

me,tely the “location of ,tho aerodynamic ccntor
ahead of the wing quarter-chord axis as a frac-
tion of the wing chord. Numerically no equals

;;:& at zero lift.

pitching-moment coefficient at zero lift about
the wing quarter-chord axis. For most of the
combinations with split, flaps, average valu9s
of the moment taken ovefi the useful range of
lift coefficient an& accurate to within about 5
percent.%re given instead.

lift coeffici.~nt at the interference lmrtile,
i.e., the valu. of the lifi coefficient beyond
which the air flow has & tendency tm– break down
as indicated by an alnormal increase in the
drag.

maximum lift coefficient given for two differ-
ent values of the effective Reynolds Number.
[See re~erence 1.) The turbulence factor en-
ployed in. this r~port tq obtain tho effectivo
R from the test R is 2.64.

*

.
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As in reference 2, the values of the effective
Reynolds Eumber differ somewhat from. those given in re~-
erence 1 because of a, later more accurato determination
of the turbulence factor for the tunnel. . The values of
the effective Reynolds Number given in refer?nce I are
su%ject to correction by a factor of 1.1.

~i=mres,~ to 5 present the variation with angle of
attack of the aerodynamic characteristics for certain com-
binations, grouped so as to illustrate the effects of va-
riations in the interesting parameters of combination.
Angle-of-attack plots are more effective than polars for
showing the. character of the lift.-curve peaks and the .—

lift-cfive displacements producei

DISCUSSION

lly split flaps.

~ull-~pan flam~.- The main effects upon the aerody-
namic characteristics of an afrfoil due to defle-c~ing a
split flap are: An increment is atd-ed to the maximum lift,
the lift curve is displaced toward the negative angles,
ant large drag and negative pitching-moment incre.m~ntsare
applied, ~hen a, deflected full-span split flap is adde~
to a combination bf n. rectangular airfoil “and a round fu-
selage, these results are apparently lmt little modified-
The flaps act moro or leas independently of the interfer-
ence , -which shows n similar character for combinations
with or without split flaps. The effects of the interfor-
enco are most noticeable with rgspect to the interference
bur%le and the maximum lift, because the action of the.
flnp genordly overshadows the effects on t~e other char-
acteristics. Figure 3 illustrates the effect of the ver-
tical position (with respect to the fuselage) of u flapped
wing upon the in-terference. Deftnite interference effects
on the drr.g, the “pitching moment, and the lift-curve dis-
placement can be seen t-hat vary with wing position, hut
they are small compared with the results of adding a sPli*
flap and rith the interference on the lift-curve peaks.
It is interesting to note that the maximum Iffts are af-
fected in their ,ahsolute magnitude just as for combinations
without spl~t flaps (corrpar”e table V) and, more-over, that
the interference burble for the nidwing combinations with
and without flaps occurs at &yproximatelY the Same angle
of attack. (See reference 1. ) Likewise, different air-
foil profiles s~ow the same relative susceptibility to the
interference bur%le when combined in the midwing pO$itiOn



6 E.A.C.A. Technic~~Uote No. 640

wi’th f-lcps or without flaps. (Compare combinations with
N.A.C.A,. 0012 and I?.A.C.A. 23012 ~rectangu14ar airfoils in
table V; and, also, comp”a”recomb~nations -with tapered
N.A.C%A. oOlg-09 Wing and ellipt~cal fuselage in reference
~t) The X,A.C.A. 23012 profile (1,8 percent maximum cam-
ber, 15 percent back of the lead~ng edge) was somewhat
less susceptible than the N.A.C.A. 0012 (zero ”camber) as
regards the int~rference burble. ~ ~his- result was to be
expected frOm consideration of– it-s mean-line shape. The
addition of split flaps produced”!litble change in this. re-
lationship.

P,,pfi.uced-snanfla~~.- In prac~lcal applications, flaPS
of,only partial span are often used to accommodate ordi-
“nary ailerons. The cost in maximum-lift increment for the
rectangular wings is approximately proyortianal tm the re-
duction in flap span, being more .~h’an proportional to the
span reductiou where the flap goe$ through tho fuselage
and less where it goes under the,fuselage (table V). As
sho~Tn in figure 43 the characteristics other than the max-
imum lift ar~ similarly affected.

Cut.-outs in flau~.- Also for,practical reasons, gaps
are oftm left in split flaps at the inner ends near th~
fusolagc. Such cut-outs ‘of fairly Ielrge size were inves-
tigati~d (table V). Figure 5 .showi that the cosfin maxi-
mum lift, although appreciable, mtiy not bo seriOuS. (Seo
Z150 table v.)

The opposite of a flap cut-o~t, that is, a f-lap addi-
&tun such as employed for an air brake on a low-wing comb-
ination (fig. 2), showod ~ery I!ittle,effect except on the
drag (table V, combination 283).

Drnq ~Q_nitchf.ng momeQ.- Th-e split flaps had verY
largo effects on both the effectiv~profilc drag and the
pitching moment. These characteristics for the largo-
span flaps exhi%ited, however, a n“ogligible variation with
anglo of c.ttack over the useful range of lift- In tablo
v, therefore, it WaS ~ossible to give for this rnnge av~r-
age vnlues that are accuratq enough fDr mosb=ngineering
uses. Further, drag and pitching-moment increments for
various flap spans on rectangular ~ings could be taken as
approximately proportional to the bxposed span ““length of
the fleps.

-.

. .

.

. ..

.

It may be concluded that—split flaps on rectangular
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wings behave predictably and do not materially alter the
wing-fuselege interference, “particularly as regards the
bur%lc.

Lp.ngley Memorial Aeronautice.l Laboratory,

10

2.

3.

4.

5.

National Advisory Committee for Aeronautics, —

Langley Field, Vs., Febr-aary 9, 1938.
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TA8LE I - AIBIUIL CR&lU01!E81STICS

@ CDe %le/4 CL CD, %=]4 CL c% ~c/4
Airfoil

a=o’J a=40 a.12fJ

RectangularM.~.C.A. 001.2 0.000 O.ooffl0.000 0.30? 0.008’7o*oa3 0.920

Rectangular!J.A.C.,4.23012 .050 .0085-.006 .400 .0095 -.004 1.025

Rectangular11.A.C.& 0012 with 0.2c
split flap deflectedEOO .9i’5 .1?18-.204 1.268 .1736-.20’71.819

Rectanalar N.A.C.A. 2301fj with 0.2c
fiplitflap deflected63

1

1.049 .1726-.207 1,341 .1738-211 1 ● 895

RectangularN.A.C.A.23012 uith 0.2c
qltt flep deflected 75° 1.109 .2093 -.199 1.3s9 .2096 -.201 1.909

M8LE II - FUSELAGE CHARACTERISTICS

l?use- En- CL CD l% CL\ CD l’~ CL 1 CD 1 ‘cmFC,lc+llq CL I ~ [’~

&e glne- a moo a=ao a =8° a .1.20 a =160

Round Xone O.oal .0041 .000 .CQ1 .oo~ .o16 .005 .0049 .~e .011 .CQQ’ .035 .019 .00s .~a

kitching-mment inefficient about the quarter-.hcmd point of the fmelege.

I.0150

.0161

.1755

.1754

.2085

D*O04

-.00’?

-.213

-.218

-.205

I

.
c1

m

,,,.
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TA.WE III - LII!CAND 1WE813MWOE,

AND INI!ERFKWWE OF

ComOi-
ng.tion

271
1 ~~

1 ~~

1 234_

%75

1276

1277

1278

279

12m

1281

1282

12X$

2P4

1285

286

1287

1288

0.035
..~+

-.L21

-.564

-.&55

-.080

-.100
_*&?

-.037

-.OR)

-.139

-.591

-.4?4

-.015

-.101

.010

-.072

-.089

a =00

0.0045
-.0113

-.0243

-.107’7

-.1229

-.0105

-.0070

-.1097

.0046

-.-@17

.0021

-.0954

-.05e8

.0031

-.0079

● (X)32

-.0110

-.OI.29

-0.001
-.039

.019

.113

.144

.014

.033

.146

-.001

.018

.034

.147

.134

-.004

.031

-.oC12

.014

.020

—

D8AG MD INTERFERENCE, &ND PITCHING MOMENT

FWHLAGE IN WING-FUSELAGE 00MBI.NUIIOI?S

U=qo

0.056

-.012

-.106

-.545

-.626

-.0.58

-.083

-.6W2

-.015

-.051

-.130

-.570

-.457

.006

-.086

.02’?

-.059

-.081

0.0048

-.0U32

-.0246

-.1100

-.L267

-.0102

-.0069

-.1133

.0048

-.0013

.C035

-.1007

-.0659

.0CW9

-.00’%?J
.0031

-.0114

-.OII.3

O.000
-.006

.023

.118

.153

.014

.039

.154

.000

.022

.a5

.148

.133

.003

.035

.002

.015

.020

0.096

.014

-.073

-.470

-.540

-.056

-.051

-.519

.013

-.043

-.113

-.518

-.4o6

.CM9

-.060

.061

-.033

-.051

u .120

1
0.CX)58

-.CQ70

-.0217

-.1105

-.1272

.0245 I

.0208
-.l~ql
.0059

.CWo

.0027

-,1046
-.0748

.0033

-.0055

.0044

-.@355

-.0082

0.010
.o12
.040
.lm

.168

-.006

.016

.1(%

-.005

.025

.(X37

.146

.120

.014

.049

.013

.024

.026

1
The values dven represent the difference between the cbaracteristlcs Of each combination.

and thOBe of the correepondi~ airfoil with full-span split flap.

to
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Figure 1.- Combinatlona 272, 285, and 278, ahoming apllt flaps.
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Figure2.- Combination 283, showing alr brake.
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